Abstract
Technologies, Santa Clara, CA, USA) was specifically utilized for the achiral analyses. The analog-170 to-digital conversion of the output signal from the ELSD was allowed by a common interface 171 device. The adopted ELSD conditions for the analysis were: 30 °C nebulization temperature, 50 °C 172 evaporation temperature, 1 L/min gas flow rate (air) and 1 as the gain factor. 173
The analytical columns were: Luna C18(2) (Phenomenex, Torrance, CA, USA) (packing I), 174
GraceSmart RP 18 (Grace, Lokeren, Belgium) (packing II) and Ultra II Aqueous C18 (Restek, 175 Bellefonte, PA, USA) (packing III). Specific column characteristics are reported in Table 1. Unless  176 otherwise reported, the flow rate was fixed at 1 mL/min. For the achiral analyses the column 177 temperature was fixed at 25 °C, while chiral analyses were carried out at 20 °C. Column 178 temperature was controlled through a Grace (Sedriano, Italy) heater/chiller (Model 7956R) 179 thermostat. 180 HPLC/MS experiments were performed using an Agilent Infinity Series LC system (Agilent 181
Technologies, Palo Alto, CA, USA). The LC system was interfaced to an Agilent 6540 UHD 182
Accurate-Mass Q-TOF LC/MS detector, also from Agilent Technologies and equipped with an 183 Agilent Dual Jet Stream Technology ESI source. The mass spectrometer system was controlled by 184 the Agilent MassHunter Workstation software. Mass spectra were recorded from m/z 100 to 1000. 185 8 Continuous lock mass infusion included m/z 121.05087300 and 922.00979800. A FWHM 186 resolution ranging from 10000 to 25000 was used. The operating conditions were: gas temperature, 187 300 °C; drying gas, nitrogen at 9 L/min; nebulizer pressure, 40 psi; sheath gas temperature, 320 °C; 188 sheath gas flow, nitrogen at 9 L/min; capillary voltage, 4000 V; skimmer, 65 V; octopole 189 radiofrequency voltage, 750 V; nozzle voltage, 0 V; fragmentor voltage, 100 V. 190
The separation of underivatized amino acids was performed with Kinetex 1.7 μm C8, 50 x 2. where k 1 is the retention factor of the first eluted enantiomer, k 2 is the retention factor of the second 253 eluted enantiomer, W 0.5 is the width of the peak at the position of 50% peak height, Wp 0.5 is the 254 width of the peak at the position of previous 50% peak height and t Rp is the retention time of the 255 first eluted peak within each enantiomer couple. N is the number of theoretical plates, L is the 256 length of the column (mm) and d P is the stationary phase particle diameter. 257 258 259 260
Results and Discussion 261 262
The free amino acid mixture was extracted from the two cheese samples according to the procedure 263 described in section 2.2. Since now and in the course of the text, the extract from the fresh cheese 264 sample will be referred as S1 while that from the six-months maturated one will be labelled as S2. 265 The work has been developed according to the consecutive steps summarized in Scheme 1. 266
An ion-pairing (IP) RP-HPLC achiral protocol was firstly optimized with the objective to avail of a 267 method enabling the complete distinction of Ala, Asp, and Glu from all the other aminoacidic 268 species in S1 and S2 (STEP 1). An ion-exchange-based chromatographic method was also 269 optimized, thus allowing a profitable fractionation of S1 and S2 aminoacidic mixture (STEP 2). 270
With such a procedure, less complex samples to be analyzed with the CLEC-CSP medium were 271 over MeOH for its higher eluotropic strength and the lower column back-pressure generated. 298
The mobile phase gradient was obtained from eluent A (3, 5, or 7 mM HFBA in water) and eluent B 299 (net MeCN) as follows: 0-5 min, 100% A; 5-25 min, linear gradient to 70% A; 25-27 min, gradient 300 back to 100% A; 27-50 min, 100% A to equilibrate the column before a new injection. All the 301 HPLC/ELSD analyses were carried out with the experimental conditions reported in section 2.3. 302 Fig. 1 shows the chromatographic traces recorded with a 3 mM (Fig. 1A) , 5 mM (Fig. 1B) and 7 303 mM (Fig. 1C) (Fig. 1) is not readily explained as it depends on analyte charge and polarity 315 at once (Chaimbault et al., 1999) . 316
With a 7 mM HFBA concentration, the base-line separation of all the selected nine amino acids was 317 achieved, while Asp and Ser experienced co-elution with a reduction of the eluent A ionic strength. 318
The presence of system peaks in Fig. 1 can be plausibly ascribed to the desorption of HFBA units 319 from the previously saturated C18 phase and their migration along the column, as the net MeCN 320 content is increased during the run (Chaimbault et al., 1999). Worth to be pointed out is that HFBA 321 concentrations higher than 7 mM were avoided since too acidic (pH < 2) mobile phases could 322 irreversibly damage the RP packing material (Chaimbault et al., 2000) . With the identified best 323 performing HFBA concentration, three commercially available RP packings (I, II and III, Table 1)  324 were then compared by applying the same gradient elution profile for the analysis of the same 325 model amino acidic mixture. Due to their wide diffusion, also packings II and III were octadecyl-326 bonded silica stationary phases. However, while packing II was a common C18 stationary phase, 327 packing III was still selected among those manufactured in a way to reduce the free silanol activity. 328
The main physico-chemical parameters of the three packings are summarized in Table 1 . The 329 chromatographic traces obtained with packings II and III are shown in Fig. 2A The established method was then applied to S1 and S2. As a result of the IP-RP analyses, the two 354 samples seemed to contain the same amino acidic composition. In Fig. 3 The fractionation of the amino acidic mixture was carried out with a strong anion-exchange (SAX) 366 resin. After the resin was opportunely pre-treated (see section 2.6. for details), around 120 mg of S1 367 or S2 were loaded onto the column. 368
The amino acids were displaced through the column by application of an ionic strength gradient-369 based method. The process was performed starting from net water, then progressively increasing the 370 eluent concentration of AcOH (from 0.1 N up to 2 N), which was selected as the displacement 371 developer. Amino acids were eluted out from the column into a series of mixed bands which 372 overlapped one another to a different extent. 373
Owing to the recognized high chemoselectivity of the chosen C-CSP, no other following 374 fractionation was carried out. Each collected fraction contained no more than 2 mL eluent. (Fig. 6) . However, α values remained 404 nearly unchanged (Fig. 7) thus revealing that the thermodynamics of retention is almost equally 405 affected for the two enantiomers by such changes in the mobile phase ionic strength. For both Ala and Asp (Fig. 7A and B , respectively) the R S value underwent a progressive 412 improvement as the Cu(II) concentration was reduced down to 0.25 mM (Fig. 7) , which can be 413 
